Abstract. The existing heat transfer technologies suffer from numerous limitations and are poor in high performance and high heat dissipation. Liquid cooling using microchannels and nanofluids work with the increased surface area and minimum thermal resistance. Many researchers showed that nanofluids, particularly with carbon based materials, enhance heat transfer rate. In today era, in the case of microelectronics, small miniaturized heat sinks with high heat transfer are being developed, called micro-channel heat sinks (MCHS). The proposed work is concerned about the heat transfer behavior of aqueous suspensions of CNT nanofluids flowing through the triangular shaped microchannel. Significant enhancement of the convective heat transfer is observed and the enhancement depends on the flow conditions i.e. nusselt number, microchannel channel length, nanoparticles concentration. Particle re-arrangement, shear induced thermal conduction enhancement, reduction of thermal boundary layer due to the presence of nanoparticles, as well as the very high aspect ratio of CNT nanofluids are proposed to be possible mechanisms. Results show that thermal boundary layers distorted due to use of carbon based nanofluids and heat transfer coefficient increases about three times as compared to water.
Introduction
Conventional heat transfer fluids such as water, air, helium, transformer oil, freon and ethylene glycol play a crucial role in a number of industrial, defense, infrastructure, and transportation including power generation, chemical production, air-conditioning, and microelectronics. Due to some limitations i.e., low thermal conductivity these fluids are insufficient for the high heat transfer applications. Therefore, several researchers have carried out the investigations regarding the development of innovative techniques for the IConAMMA-2016 IOP Publishing IOP Conf. Series: Materials Science and Engineering 149 (2016) 012200 doi:10.1088/1757-899X/149/1/012200
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI. Published under licence by IOP Publishing Ltd 1 enhancement of heat transfer performance of fluids. Dispersion of solid nanoparticles i.e., metals, metal oxides is one of the important method for high heat transfer applications. [1, 2] . Nanofluids are able to provide a such type of cooling system with higher heat transfer coefficient. From the comparison point of view nanofluids shows more attractive features from the conventional fluids like: high specific surface area and as a result more heat transfer surface area between nanoparticles and fluids, high dispersion stability with leading brownian motion, lesser pumping power to achieve more heat transfer, variable thermal conductivity according to applications. The fluids which we are being used today as heat transfer fluids have very low thermal conductivity like water, Ethylene Glycol, Lubricants, Engine Oil etc are poorer in heat conduction than metal based fluids. Suspension of nanoparticles in the liquid media making colloidal mixture called nanofluids which have been studied worldwide due to anomalous thermal behavior of fluids. The alluring parameters which made nanoparticles possibility for suspension in liquids are a high surface area, less particle momentum, and high portability. Maxwell [2] was first pioneer researcher who first calculated the thermal conductivity of suspension theoretically. His work was followed by Hamilton and Crosser [3] who provided models to calculate effective thermal conductivity of heterogeneous mixtures. Basically nanoparticles are nanometer sized (1-100nm) particles (Al2O3, Fe, CuO, TiC, Ag, Au, Nano tubes, Droplets, Nanowire) which gets dispersed into the base fluids (D-I Water, Ethylene Glycol, Pump Oil, Transformer Oil) and due to these particle concentrations, it shows enhanced thermal conductivity whereas micrometer sized particles show no such enhancement and hence nanofluids retain excellence characteristics of enhancing heat transfer rate. In the past, there has been development of variety of methods and techniques which are capable to produce nanometer sized particles which helps in pioneering engineering application and scientific study worldwide. There are single and two-phase systems with one phase solid and second one is liquid phase. The dispersion of a nanofluid droplet is improved by the solid-like assembly of nanoparticles accumulated near the contact surface by diffusion, which provides to increase to a structural disjoining pressure in the locality of the contact line. Gunnasegaran et al. (2010) numerically compared the effects of different cross-sections on heat transfer. They showed, with water as a transfer medium, that a rectangular cross-section is better than triangular or trapezoidal cross sections. They also showed that the thermal resistance varies from 10% to 35% depending on the hydraulic diameter [4] . Halelfadl et al. (2014) have recently shown from numerical optimization analysis that CNTs' with waterbased nanofluid as a working fluid reduces the total thermal resistance of MCHS and can significantly enhance the thermal performance of the working fluid, particularly at high temperatures [5] . In May 2015, Stefen et al. concluded that the heat transfer coefficient measurement of CNT water-based nanofluids stabilized by sodium dodecyl benzene sulfonate as a function of volume concentration and temperature. The nanofluids prepared in this study were stable distributions of MWCNT with 1.5μm in average length and 9.2nm in average diameter dispersed in DI water. Their results showed the thermal conductivity increase with volume fraction within the range 0.055-0.55%, which is enhanced with temperature increase. Mohammad et al. discussed the study of thermal conductivity of DWCNT-ZnO with water & EG nanofluids. This group investigated the effects of volume concentration and temperature on thermal conductivity of DWCNT-ZnO/water-EG in the ratio of (60:40). Nanofluids have been analyzed using KD2-Pro thermal analyzer. Outcome data shows that the thermal conductivity increases with increasing concentration of nanoparticles. The increasing temperatures also increase the thermal conductivity of nanofluids, although its effect on the thermal conductivity is lower as compared to the effect of volume fraction. Xie et al. investigated about concentrated acid treated to functionalized CNT surfaces and directly suspend into several polar base fluids to form nanofluids without surfactant [6] performance characterization. In a different study on designing of microchannel for heat exchanger devices conclude the maximum cooling performance with the combination of pumping power [7] Trisaksri and Wongwises [8] studied on silicon microchannel heat sink with nanofluid as coolant material. The results show that the thermal performance of heat sink greatly improved and nanofluids did not enhance further pressure drop.Tuckerman et al [9] first time fabricated the microchannel (WW=Wc57μm and z= 365μm) and circulate the water into it which solved the problem of cooling the VLSI circuits with maximum heat dissipation rate of 10 7 W/m 2 with a surface temperature below 71 o C. Microchannel provides larger surface area to volume ratio, and very high heat transfer coefficient. Lot of work has been done on the fabrication on the microchannel till today. Vikas et al. [10] IConAMMA-2016 IOP Publishing IOP Conf. Series: Materials Science and Engineering 149 (2016) 012200 doi:10.1088/1757-899X/149/1/012200 2 fabricated the upstream finned microchannel with low Reynolds number which result heat transfer of 160% with low pressure drop as compared to downstream finned microchannel and complete finned microchannel. There is a limit for changing shape, surface area, turbulent flow etc anything to enhance heat transfer. Phillips [11] analyzed heat transfer and fluid flow process in microchannels which provided equations which become helpful in designing microchannel geometries. Hence, by integration of Microchannel system with high capacity nanofluid like CNT, Graphene [12] it tends to carried away considerable amount of heat and can further circulate in a cycle for continues operation. This paper is concerned about the convective heat transfer of suspensions of carbon based nanofluids. The motivations behind are: (a) No more studies have been found in the literature on the convective heat transfer of Carbon based nanomaterials with microconcentration in different shapes of microchannels.; (b) very high thermal conductivity of carbon based materials and hence great potential for significant heat transfer enhancement [13] . A two-step method is employed for the preparation of CNT dispersed nanofluids. CNT possess greater mechanical, electrical, and thermal properties compared to the other materials [14] . CNT with its high thermal conductivity is eagerly considered in the area of nanofluids research area.
Geometry Considerations

Microchannel Design
In the purposed geometrical configuration Triangular microchannel made up of copper material are considered. Copper material has been used because of high thermal conductivity in the scope of metals. Copper has thermal conductivity of 385 K (W/mk) at room temperature of 250˚C. Table 1 shows the physical parameters i.e., length, width, height & no. of channels of our designed microchannels. CNT based nanofluids are prepared by two step method in which DI is used as base fluid and MWCNT as the dispersed nanoparticles. To increase the water dispersity of carbon nanotube modification is necessary. MWCNT is prepared from carboxylation method with the help of H2SO4 and HNO3composition. CNT based nanofluids have been used with varying micro concentrations (0.005%-0.001%) 
Experimental Setup and Procedure
A schematic of the experimental facility utilized as a part of this Investigation in which Deionized water and Graphene based nanofluid from a holding tank is driven through the flow loop utilizing peristaltic pump. This methodology was observed to be desirable over the utilization of a pump, and provided smooth and enduring stream up an extensive variety of flow rates. The liquid then finishes through a microchannel test area. The microchannels were cut utilizing a Wire EDM machine. Three such test pieces were created with microchannels of various widths, height and length. Table 1 records the microchannel measurements in each of the fabricated test pieces. Holes were drilled into the base of the copper piece to house four cartridge radiators that can provide a combined maximum power of 100 W. Three (Type-K) thermocouples were inserted in the copper test segment. The temperature readings from these thermocouples are extrapolated to give the normal average microchannel wall temperature. Type k thermocouples were additionally situated at the inlet and outlet of the test area to measure the liquid temperatures at these areas. All thermocouples readings were analyzed into a data acquisition system. The voltage input to the cartridge heaters was controlled by a DC power supply unit. 
Simulation with COMSOL Multiphysics
The Microchannels has been designed and simulated with the Structural mechanics physics of the MEMS Tool: COMSOL. Three different shapes with varying dimensions of microchannel has been used to get the optimized result and Graphene based nanofluid was used as heat carrier fluid. The output of the different shapes has been studied on the basis of the various velocities of nanofluids with different concentration rate of nanomaterial. The local convective heat transfer coefficient and the corresponding Nusselt number along the channel were obtained from the Newton's cooling law [15] . The proposed design was simulated after completing the system with Physics control meshing as shown in figure 2. 
The analysis is based on the following assumptions: -Steady state flow. Incompressible fluid. Laminar flow. Constant properties of both fluids and solid. Effects of viscous dissipation are negligible.
The effective thermal conductivities of nanofluids of CNT suspended in DI water turned out to increase linearly with the volume fraction of the oxide particles in the host liquids.
Result and discussions
Effect on thermal Boundary layers
When a fluid flows through the heated or cold surface, a temperature field is setup in the fluid, next to the surface i.e. if the plate surface is hotter than the fluid then there will be temperature distribution. The region of fluid heated by the plate results to the formation of thin layer near the surface. This zone or where the thin layer developed temperature field exists this is known as thermal boundary layer. In a thermal boundary layer, the temperature profile depends upon flow velocity, specific heat, viscosity and thermal conductivity of fluid. As the length of surface increases, the wall temperature gradient decreases. This will lead to decrease in convective heat transfer due to increase in boundary layer thickness. Effect on thermal boundary layers of water and carbon nanotubes during flow can be seen in figure 3 . 
Effect of geometrical consideration on heat transfer coefficient
Upstream Triangular microchannel with nanofluid has been studied and simulated within the COMSOL including copper as base material. Following results shows the effect on heat transfer coefficient & thermal boundary layers for nanofluids with various volume fractions of nanoparticle and pure water in optimized shape of microchannel. Maximum enhancement is observed in the CNT based nanofluids with 0.005% volume concentration and upstream triangular design of microchannels. Figure 4 shows the results about the effect of width on heat transfer coefficient. Graphs shows that as the width of microchannel decreases heat transfer coefficient also decreases. As we compare the heat transfer coefficient of CNT based nanofluids with base fluid i.e., water. We found that there is about three times increment in the case of 0.005 vol.% CNT concentration as compare to water. Same results are followed in the case of effect of height on heat transfer coefficient. CNT with 0.005%
Conclusion
Heat transfer coefficient of CNT nanofluids was investigated with the help of upstream shaped microchannels. Comparison has been done with water and the heat transfer coefficient increased in the case CNT nanofluids with higher concentration as compared to water with upstream triangular shape. Parameters of microchannel width, height are also being considered and we concluded that by varying size of microchannel height and width there is enhancement rate up to 3 times and there is decrease in boundary layer thickness by using CNT based nanofluid. Effect on thermal boundary layers to be studied and found that due to use of CNT nanofluids there is breaking of thermal boundary layers developed which cause hindrance for heat transfer coefficient. 
